The SPAD reading may be used in estimating total nitrogen content (N) in leaves and even in estimating grape yield in grapevines. The objective of this study was to estimate total N content in leaves and grape yield using the SPAD-502 in grapevines submitted to nitrogen fertilization in soils with clayey and sandy texture. In 2008, two experiments were installed in the Southern region of Brazil. In Experiment 1, Cabernet Sauvignon grapevines were planted in a soil with clayey texture and with application of 10, 20, 40 and 80 kg·N·ha . In the grapevines of the two experiments and during the period from 2008 to 2010, SPAD readings were made on leaves throughout the flowering period and at change in color of the berries using the portable chlorophyll meter Minolta-SPAD-502. The leaves were collected, dried, ground and submitted to analysis of the total N content. In addition, grape yield per hectare was evaluated. The SPAD-502 readings estimated the total N content in flowering and at change in color of the berries in the Cabernet Sauvignon grapevines grown on soils with clayey texture and sandy texture, especially in the first year of evaluation. However, the precision of the SPAD-502 readings is low, with there being no relationship between the SPAD-502 readings and grape yield.
Introduction
Grapevines grown on soils with sandy texture and with low organic matter content are normally submitted to the application of nitrogen (N) due to supposed low capacity of the soil to supply this nutrient. On the other hand, when grapevines are grown on soils with a clayey texture, with medium to high organic matter content, and thus with hypothetically good capacity for supplying N, N is supplied when the natural sources do not meet the demand of the plant for the nutrient [1, 2] . Nevertheless, the organic matter content of the soil provides partial information regarding the quantity of N that is potentially mineralizable in the soil in the medium to long term; however, it does not accurately predict the values of available N, such as nitrate (N-NO 3− ) and ammonium (N-NH 4+ ), in short periods, as in a growth season or crop year. For that reason, tissue analysis, like leaf analysis, which may be collected in different periods, such as flowering or change in color of the berries, has been recommended as one of the methods that best represents the nutritional state of fruit-bearing plants, among them the grapevine [3] [4] [5] .
Tissue analysis is a destructive method, which involves collection of the organ, such as leaves, washing, drying, preparation and laboratory analyses. These analytical procedures are not very quick and the results generated most of the time are interpreted and used for definition of the need and the dose of the nutrient only in the following year. For that reason, in recent years in some fruit-bearing species like apple trees [6] , peach trees [7] , pear trees [8, 9] and also the grapevine [10] [11] [12] , the total N content in the leaves has been estimated through the use of non-destructive methods like those that use portin the direction of the rigid shaft. The flexible shaft has two diodes that emit light beams at 650 nm (red) and 940 nm (near infrared), through the leaf tissue, and two detectors, located on the rigid shaft, measure light transmittance. The light transmitted, dependent on the tone of green in the leaf, is converted into electric signals and the ratio transmitted in the two regions of wavelengths corresponds to a numeric value, called the SPAD reading and it is expressed in SPAD units [13] . The SPAD reading is related to the chlorophyll contents of the leaves determined in laboratory analyses, but also to the total N content [14, 15] and even with yield. Nevertheless, calibration of the SPAD readings with the total N content in the leaf or with yield is necessary. For that reason, which organ of the plant, normally the leaf, which part of the organ, which position of the plant the organ will be located, which season, among other aspects, must be predefined for performance of the SPAD readings and, preferentially, they should be obtained in experiments with plants grown in soils with different textures, organic matter content and availability of mineral N, which may be created by the application of increasing doses of mineral nitrogen fertilizer in the soil. For that reason, it is expected that the N content in the soil and, consequently, inside the plant is variable, which may be diagnosed by the total N content in the leaf. After that, the organ (leaf) where the reading was performed must be collected, dried, ground and prepared for analysis of total N content. Afterwards, the SPAD readings must be related to the total N content in the organ, thus obtaining an equation that will allow estimation of the total N content and even an estimation of yield. This value, interpreted in tables of the critical level or ranges of sufficiency, may define the need for application of N and/or its dose.
The objective of the present study was to estimate, through use of the SPAD-502, the total N content in leaves and grape yield in grapevines submitted to nitrogen fertilization in soils with clayey and sandy texture.
Material and Methods

Description of the Experiments
Experiment 1-Use of the SPAD-502 in
Estimation of Total Nitrogen Content in Leaves and of Grape Yield in Grapevines Submitted to Nitrogen Fertilization and Grown in Soil with a Clayey Texture Experiment 1 was conducted in clayey soil in a vineyard in the experimental area of Embrapa Uva e Vinho in the municipality of Bento Gonçalves, Rio Grande do Sul (RS), region of the Serra Gaúcha (Gaucho Highlands), South of Brazil. The vineyard was of the cultivar Cabernet Sauvignon, grafted on the root stock SO 4 at a density of 2666 plants per hectare, spacing of 1.5 m between plants and 2.5 m between rows. The vineyard was implanted in 1986 and the plants were trained in a trellis system. The climate in the region has had temperatures from 12.8˚C to 21.8˚C throughout the years and precipitation of around 1736 mm, well distributed through the entire year. The soil was an Udorthent soil [16] and, in the layer from 0 -20 cm, before implementing the experiment, it exhibited the following attributes: clay 240 g·kg . The doses of N were applied a single time at the beginning of flowering of the plants, in accordance with the official recommendation for fertilization and liming for grapevines established in Brazil for the states of Rio Grande do Sul and Santa Catarina [17] . The N was applied manually in the form of urea (45% N) in the soil surface, without incorporation, in strips of 0.5 m width under the plant canopy on the same side of the planting row. Throughout the grapevine cycle, the strip where the N was applied was submitted to application of Glyphosate to avoid the occurrence of weeds. In the two planting seasons, the grapevines were submitted to application of phosphorus (P) and potassium (K), following the official recommendations for the crop [17] . The experimental design was randomized blocks with three replications, with each plot formed of five plants, where the three center plants were assessed.
Hapludalf soil [16] and, in the layer from 0 -20 cm, before implementing the experiment, it exhibited the following attributes: clay 70 g·kg . The source of N used was urea (45% N) and its mode of application, as well as weed control and fertilization with P and K, were the same as described in experiment 1. The experimental design was randomized blocks with three replications, with each plot formed of five plants, where assessments were performed on the three center plants.
SPAD Readings and Assessments of Total N Content in the Leaves and Grape Yield
In October 2008 and 2009, during flowering of the grapevines, SPAD readings were performed, using the portable chlorophyll meter Minolta-SPAD-502. Readings were performed on mature leaves opposite the first bunch of the new shoot. Already in January 2009 and 2010, throughout the change in color of the berries, the SPAD readings were performed on mature leaves, located in the middle third of the new shoot. In the two periods, the readings were taken on three leaves, one on each new shoot. One leaf was located in the outer part of the plants, on the right side of the planting row, another leaf was located in the outer side of the plants, but at the left side of the planting row, and a third leaf was found in the center of the plant. Three readings were performed on each leaf in approximately the center part of the leaf. Soon after each reading, in the two periods of assessment, the same leaf submitted to SPAD reading was collected and reserved. After that, the leaf was dried in a forced air laboratory oven at a temperature of 65˚C, until constant weight. Soon afterwards, the leaves were ground in a Wiley type knife mill, having particles with an average diameter of approximately 0.1 mm at the end of the process, which were then prepared for analysis of total N, following the methodology proposed by [18] , which may thus be described in summary fashion: 0.2 g of dry plant tissue was added to a 100 mL digestion tube, with the addition of 0. , which allowed quantification of the total N content in each sample.
In March 2009 and 2010, all the grape bunches from each plant were collected and weighed and then grape yield per hectare was determined.
Statistical Analysis
The results of the SPAD readings, of the total nitrogen content in the leaves, and grape yield obtained in the crop year of 2008/2009 and 2009/2010 were submitted to analysis of variance and when the effects were signifycant, they were adjusted by the regression equations, testing the linear model by the F test, with an error probability less than 5% (P < 0.05).
To validate the equations generated, independent data were used, derived from the 2009/2010 crop year, which we considered as observed data. Also to assess performance of the models, the correlation coefficient (r) [19] , the Willmott dw index [20] , the c index [19] and the root mean square error (RQME) [21] were used.
Quantification of the association between two or more variables was established by r, which varies from −1 to 1 [22] , being calculated by the equation: The agreement index, designated dw, quantifies the accuracy of the model. Its values vary from zero, for no agreement, to 1, for perfect agreement [20] . The dw value is calculated by the formula [19] : The RQME expresses the error produced by the model; the lower the value of this statistic, the better the model [21] . The RQME value is calculated by the equation:
where: Ei = estimated values; Oi = observed values; n = number of observations.
Results
Experiment 1-Use of the SPAD-502 in Estimation of Total Nitrogen Content in Leaves and of Grape Yield in Grapevines Submitted to Nitrogen Fertilization and Grown in Soil with a Clayey Texture
The application of increasing doses of N (0, 10, 20, 40 and 80 kg·N·ha It is fitting to comment that the total N content in the leaves collected at change in color of the berries in all the treatments and in the two years of assessment were less than those found in the leaves collected at flowering (Figures 2(a) and (b) ).
The N applied in year 1 did not affect the SPAD readings performed using the portable chlorophyll meter Minolta-SPAD-502 in the leaves collected at flowering of the grapevines (Figure 3(a) ), but increased in a linear manner when they were performed on the leaves during change in color of the berries (Figure 3(b) ), with the mathematical adjustment being expressed by the equation SPAD Reading = 37.32 + 0.023 dose N (R 2 = 0.98, P < 0.05). This behavior was the same as observed for the total N content in the leaves when collected at flowering and at change in color of the berries of the grapevines submitted to the application of doses of N (Figures 2(a) and (b)).
The SPAD readings performed in year 1 on the leaves collected at flowering exhibited a linear relationship with the total N content in the leaves (Total N content = −95.339 + 3.817 SPAD Reading, R 2 = 0.95, P < 0.05) (Figure 4(a) ), which was also observed when the leaves were collected at change in color of the berries (Total N content = −8.203 + 0.381 SPAD Reading, R 2 = 0.95, P < 0.05) (Figure 4(b) ). This linear relationship between the SPAD readings and the total N content in the leaves was also found in year 2 when the leaves were collected at change in color of the berries (Total N content = 0.96 SPAD Reading + 18.9, R 2 = 0.69, P < 0.05) (Figure   4(b) ). But when the leaves were collected at flowering, the SPAD readings did not exhibit a relationship with the total N content (Figure 4(a) ).
The SPAD readings performed on the leaves at flowering and at change in color of the berries in year 2 (Figures 5(a) and (b) ) and at change in color of the berries in year 1 (Figure 5(b) ), did not exhibit a relationship with grape yield per hectare. However, when the SPAD readings were performed on leaves during flowering in year 1, they exhibited a linear relationship with grape production per hectare (Grape yield = 37581.71 − 822.58 SPAD, R 2 = 0.72, P < 0.05) (Figure 5(a) ).
In Figure 6(a)) ; and when the leaves were collected at change in color of the berries, the r was 0.21 ( Figure 6(b) ).
The agreement index (dw) [19, 20] , which represents the accuracy of the model, was 0.15 when the relation- ship was established between the total N content in the leaves collected at flowering with the total estimated N content (Figure 6(a) ), and was 0.16 when the leaves were collected at change in color of the berries ( Figure  6(b) ). The c coefficient, obtained by the product between the r and the dw, obtained by the relationship between the total N content measured in the leaves and the total estimated N content when the leaves were collected at flowering and at change in color of the berries, was 0.03. The value of the Root Mean Square Error (RMSE) [21] , obtained in the relationship between the total N content of the leaves measured and the estimated total N of the leaves when the leaves were collected at flowering, was 13.1 g·kg −1 (Figure 6(a) ), but when the leaves were collected at change in color of the berries, the RMSE was 3.8 g·kg −1 (Figure 6(b) ). In Figure 7 it is observed that there was no relationship between grape yield per hectare in year 2 (2009/ (Figure 9(b) ). Nevertheless, in year 2, the leaves collected at flowering of the grapevines and at change in color of the berries exhibited lower N content when compared to leaves collected in year 1.
The application of growing doses of N in the grapevines increased the total N content in the leaves collected at flowering in year 1 (Total N content = 34.85 + 0.18 dose N, R 2 = 0.96, P < 0.05) and in year 2 (Total N content = 25.54 + 0.09 dose N, R 2 = 0.96, P < 0.05) in a linear manner (Figure 9(a) ). The increase in the total N content in the leaves also occurred when they were collected at change in color of the berries in year 1 (Total N (Figure 9(b) ). Nevertheless, in year 2, the leaves collected at flowering of the grapevines and at change in color of the berries exhibited lower N content when compared with leaves collected in year 1.
The application of N in the soil in year 1 increased the SPAD reading in a linear manner in the leaves of the grapevines collected at flowering (SPAD Reading = 35.1 + 0.04 dose N, R 2 = 0.92, P < 0.05) (Figure 10(a) ) and at change in color of the berries (SPAD Reading = 41.5 + 0.04 dose N, R 2 = 0.66, P < 0.05) (Figure 10(b) ). Nevertheless, N application did not affect the SPAD reading in year 2 performed on the leaves during flowering and at change in color of the berries (Figures 10(a) and (b) ), which in this same year exhibited the lowest contents of total N (Figures 9(a) and (b) ).
SPAD readings in year 1 exhibited linear relationship with the total N content in the leaves collected at flowering (Total N content = −134.30 + 4.83 SPAD, R 2 = 0.94*) (Figure 11(a) ), as well as when collected at change in color of the berries (Total N content = 11.408 + 0.453 SPAD, R 2 = 0.99, P < 0.05) (Figure 11(b) ). In year 2, there was no relationship between the SPAD readings and the total N content in the leaves collected at flowering and at change in color (Figures 11(a) and (b) ).
The SPAD readings, when performed on leaves during flowering of the grapevines, exhibited a linear relationship with grape yield per hectare (Grape production = −8786.08 + 488.66 SPAD reading, R 2 = 0.59, P < 0.05) (Figure 12(a) ), which was also found when the SPAD readings were performed on leaves at change in color of the berries (Grape yield = −21375.81 + 981.97 SPAD reading, R 2 = 0.93, P < 0.05) (Figure 12(b) ). However, the SPAD readings performed in year 2 on the leaves of the grapevines in flowering or during change in color of the berries did not exhibit a relationship with grape yield per hectare (Figures 12(a) and (b) ).
In Figures 13(a) and (b) is presented the relationship between the total N content in the measured leaf, obtained in year 2 (2009/2010) and the total N content estimated by the SPAD reading model, obtained in year 1 (2008/2009), when the leaves were collected at flowering and at change in color of the berries. The r obtained in the relationship between the total N content measured and that estimated, when the leaves were collected at flowering, was 0.65 and when the leaves were collected at change in color of the berries, the r was 0.21. The dw was 0.62 when the relationship between the total N content measured in the leaf collected at flowering and the total N content estimated in the leaf (Figure 13(a) ) was established, but when the leaves were collected at change in color of the berries, the dw was 0.15 ( Figure 13(b) ). The c coefficient obtained by the relationship between the total N content measured in the leaves and the total N estimated when the leaves were collected at flowering (Figure 13(a) ) was 0.40, and when the leaves were collected at change in color of the berries (Figure 13(b) ), the value was 0.03.
The RMSE value obtained between the relationship between the total N content of the leaves measured and the total N of the leaves estimated when the leaves were collected at flowering was 6.3 g·kg −1 (Figure 13(a) ), but when the leaves were collected at change in color of the berries, the RMSE was 14.6 g·kg −1 (Figure 13(b) ). In 
Results
The Cabernet Sauvignon grapevines, grown in experiment 1 on a soil with clayey texture and with 27.0 g·kg , in the first and second year of assessment (Figure 1) . This may have occurred because the moisture conditions in the soil and the mild temperatures throughout all the months of the years may have favored the mineralization of the labile organic matter of the soil, as well as the decomposition of sensecent plant residues deposited on the soil surface [23] which, in the case of Experiment 1, are especially the residues deposited between the rows of the grapevines. For that reason, an increase in the availability of N in the soil is expected, derived from the organic matter and the residues in decomposition, which, together with the inner reserves of N accumulated in the grapevines, especially in the perennial organs like the roots [24] [25] [26] [27] [28] , may meet the plant demand for the nutrient, which may be one of the possible explanations for the lack of response to the application of N. According to [2] , using the same type of soil and in the same region as Experiment 1, the Cabernet Sauvignon grapevines increase grape production up to a dose of around 15 kg·N·ha
, which reinforces the possibility that the mineralization of the organic matter, of the cover plant residues, plus the inner reserves of N provide a large part of the N taken up by the plants. Nevertheless, when the Cabernet Sauvignon grapevines were grown in soils with a sandy texture, in other words, in Experiment 2, with 10.0 g·kg −1 of organic matter, the application of N increased grape production in the first year up to the dose of 120 kg·N·ha −1 (Figure 8) . Nevertheless, in the second year, grape yield diminished with the increase in the dose of N (Figure 2) , which may be associated in part with the high availability of N in the soil and the water, since the rainfall in this year, especially in the months of September, November and December was frequent and in large quantity (Tables 1 and  2) , which stimulates uptake of forms of N in the soil, detected by the increase of total N content in the leaves collected at flowering and at change in color of the berries (Figures 9(a) and (b) ). For that reason, stimulation of plant vigor is expected, which may have decreased the incidence of solar radiation in the inner part of the plant, favoring the occurrence of fungal diseases, especially in wetter years, as was the second year of assessment, which, consequently, may have decreased the number of fertile flowers, resulting in lower grape production per hectare [29, 30] .
The application of N on the Cabernet Sauvignon grapevines grown in soil with a clayey texture had little effect on the N content in the leaves during flowering and at change in color of the berries (Figures 2(a) and  (b) ), with an increase in the content of the nutrient being found only in the leaves collected in the first year during the change in color of the berries. That may be caused by the low utilization of the applied N by the grapevine, as reported by [27] in Riesling Renano and Chardonnay grapevines grown in the same type of clayey soil as experiment 1 and submitted to the application of N in the form of urea enriched with the tracer 15 N. That may also be one of the possible explanations for the lack of increase in grape production (Figure 1) . But when the N was applied on grapevines grown in soil with a sandy texture, the total N content in the leaves during flowering Table 1 . Monthly average of minimum, mean, and maximum air temperature, and accumulated rainfall and sunshine duration in the agricultural year, and climatological normal minimum, mean, and maximum air temperature, and accumulated rainfall and sunshine at Bento Gonçalves (RS), Brazil (Experiment 1). Month Month and change in color of the berries increased (Figure 9 (a) and (b)), showing that part of the N applied was taken up by the plants, moreover, increasing grape production in the first year (Figure 8 ).
The addition of doses of N in grapevines grown in soils with clayey texture did not affect the SPAD readings performed on the leaves during flowering in the first year and in the second year (Figures 3(a) and (b) ) and that performed on the leaves throughout the change in color of the berries in the second year (Figure 3(b) ). This may have occurred because the application of N did not increase the total N content in the leaves (Figures 2(a)  and (b) ) which, consequently, may not have increased the chlorophyll content in the leaves, since the total N content in the leaves normally and for most crops is highly related to the chlorophyll content [31] [32] [33] [34] , and the chlorophyll content to the SPAD reading [35, 36] . This may be a plausible explanation because in the grapevines grown in soils with a sandy texture, the total N content in the leaves collected at flowering and at change in color increased with the dose of N applied (Figures 9(a) and  (b) ), which, moreover, promoted the increase of the SPAD readings, in this case of the leaves collected at flowering and at change in color of the berries in the first year of assessment (Figures 10(a) and (b) ). When the total N content in the leaves was less, for example, in the leaves collected at flowering and at change in color of the berries in the second year (Figures 9(a) and (b) ), no relationship was found between the dose applied and the SPAD reading (Figures 10(a) and (b) ). Nevertheless, it is fitting to report that the SPAD 502 has adequate sensitivity to detect the increase of the chlorophyll content in leaves that have up to 300 mg·m −2 of chloroplasts [37] The SPAD readings performed on the grapevines submitted to application of N and grown in soil with clayey and sandy texture exhibited a positive linear relationship with the total N content in the leaves collected at flowering and at change in color of the berries in year 1. On the other hand, in year 2, this relationship was only found when the leaves were collected at change in color in the grapevines with application of N and grown in soil with clayey texture (Figures 4(a) and (b), 11(a) and (b) ). The relationship between the two variables allows the SPAD reading to estimate the total N content in the leaves which, consequently, may be used to define the need for and the dose of the nutrient to be added. Thus, the collection of leaves, drying and chemical analysis in the laboratory may be unnecessary for the determination of total N content, which is a slower procedure with a higher cost.
It is desirable for the SPAD reading to have the capacity of estimating the total N in the leaves in earlier phenological stages, such as flowering, because this would allow the nitrogen fertilization, when necessary, to be applied in the same vegetation and productive cycle of the plant. The relationship between the SPAD reading and total N content in the grapevine leaves was also reported by Porro et al. [38] in Chardonnay grapevines grown in Italy. This author reports that the best determination coefficients (R2) between the two variables were found when the leaves were collected in the fruit-set, similar to that which was obtained by Porro et al. (1995) . Nevertheless, these authors report that the relationship between the SPAD reading and the total N content is not found every year, which was also obtained in the present study because, for example, in year 2, in the grapevines grown in the soil with sandy texture, no relationship was found between the SPAD reading and the total N content in leaves during flowering and at change in color of the berries (Figures 11(a) and (b) ). That may be explained, in part, by the lower total N contents in leaves in all the treatments (Figures 9(a) and (b) ), probably caused by the greater leaching of N-NO 3− in the soil profile, which may happen in soils planted to fruit bearing plants, like grapevines, in traditional producer regions in the world [39, 40] , especially because the rainfall in that year was high (Tables 1 and 2 ) and the soil has a sandy texture. Thus, it is observed that the SPAD reading may indeed have the potential for estimating the total N content in leaves during flowering and at change in color of the berries, both in Cabernet Sauvignon grapevines grown in soils with clayey texture, as well as sandy texture; nevertheless, this is highly dependent on the year of assessment, as has already been reported by [12, 39] .
The SPAD readings did not exhibit a relationship with grape yield per hectare when they were performed on the leaves during the change in color of the berries in the two years, as well as in flowering in year 2 in the grapevines submitted to application of N and grown in soil with clayey texture (Figures 5(a) and (b) ). Nevertheless, the SPAD readings exhibited a positive relationship with grape yield when they were performed on the leaves of grapevines grown in soil with sandy texture during flowering and at change in color of the berries in year 1 (Figures 12(a) and (b) ). These data obtained throughout one year of assessment show that it is possible to estimate production using the SPAD reading performed at flowering or at change in color of the berries. Nevertheless, in year 2, there was no relationship between the SPAD readings and production (Figures 12(a) and (b) ), showing the variability of results from one year to the next.
When the relationship was established between the total N content measured in the leaves, which was obtained in year 2 and the total N content estimated by the SPAD reading model, generated in year 1, it was observed that the leaves collected at flowering and at change in color of the berries in grapevines submitted to application of N and grown in soils with clayey texture exhibited similar correlation coefficient values, although low (Figures 6(a)  and (b) ). However, when the same model was established, but with the leaves of the grapevines submitted to application of N in soils with sandy texture, it was observed that the greatest correlation coefficient was found when the leaves were collected at flowering, if compared to those collected at change in color of the berries (Figures 13(a) and (b) ). The agreement indexes (dw) [19, 20] , obtained in the relationship between the total N content measured and that estimated in the leaves collected at flowering and at change in color of the berries in the grapevines grown in soils with clayey texture, were near to zero (Figures 6(a) and (b) ), indicating little agreement between the two variables. On the other hand, when the relationship between the total N content measured and that estimated was obtained in the leaves collected at flowering of the grapevines grown in soils with sandy texture, the dw was greater and nearer to one (1) which, consequently, shows greater agreement if compared to the value of dw found when the leaves were collected at change in color of the berries (Figures 13(a) and (b) ). The c coefficient values, obtained by the product between r and the dw, in the relationship between the total N content measured in the leaves and the total N content estimated, in the leaves collected at flowering and at change in color of the berries, both in the grapevines submitted to the application of N and those grown in soil with a clayey and sandy texture, indicated a very poor performance (c < 0.40) (Figures 6(a), (b), 13(a) and (b) ). On the other hand, the value of the RMSE [21] , obtained in the relationship between the total N content of the leaves measured and the total N of the leaves estimated by the SPAD reading model when the leaves were collected at change in color of the berries was less and, consequently, it is a better model (Figures 6(a) and (b) ), in comparison with the value of RMSE obtained when the leaves were collected at flowering (Figures 13(a) and  (b) ). Nevertheless, in the grapevines grown in soils with sandy texture, the values of RMSE obtained were contrary to those found in the grapevines grown in clayey soil, with the lowest values of RMSE being verified when the leaves were collected at flowering. The statistical values, like dw, but especially the c index, shows that the models generated by the SPAD readings to estimate the total N content in the leaves collected at flowering and at change in color of the berries, both in the grapevines grown in soil with clayey texture as well as sandy texture, in a general sense, exhibit low accuracy in determination of the total N content in the leaves. When the relationship between the production measured and the production estimated was established using the SPAD reading model, performed on the leaves of the grapevines grown in clayey soils during the change in color of the berries or in the leaves of the grapevines grown in soil with sandy texture during the flowering and change in color of the berries, the SPAD readings also did not exhibit accuracy in estimating grape production (Figures 7,  14(a) and (b) ).
Conclusion
The SPAD-502 readings estimated the total N content in the leaves at flowering and at change in color of the berries in the Cabernet Sauvignon grapevines grown in soils with clayey and sandy texture, especially in the first year of assessment. However, the accuracy of the SPAD readings in estimation of the total N content is low and, in estimation of grape yield, it is non-existent.
